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{A Study on the Analysis of Harmonics Reduction Effects Using Single-tuned Filters In a
Power System Included Power Converters)
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Abstract

The increasing use of non-linear loads such as power electranics draw highly distorted currents from the
utility system. Coniverter circuit used in AC/DC conversion are one of the major hatmonics sources in power
systemn. High hanmonics eurrents and voltages will cause equipment damage and disturh the plant operation.

The common solution to harmonics problem is to use harmonics filters. In this paper simulation results
used the EDSA harmonics analysis program verifying the effects of the single—tuned filter for harmonic
elimination are presented.
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Table 1. Harmonic Current Contents of Typical
Electric Facilities
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Fig. 1. Equivalent Network for Six-pulse
Thyristor Converter Circuit
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Table 2. Harmonic Eifects on the Machine
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a Converter System

e AN B nEAE HAR ol
ARs7) e pzAs Bl AvEd 1

Journal of KIEE, Vol. 14, No.3, May 2000



Zoge] Agdidel asc 71 we] solx gl
£ wEsh 47 dAost: ad¥t L 9HE 2
Aake Aolc,

¥
i)
L

Type-1: Single-tuned filter,

Type-2: 2nd order damped filter,

Type-3: 1st order high-pass damped filter,
Type-4: 2nd order high-pass damped filter,
Tyvpe-5" 3rd order high-pass damped filter
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Fig. 3. Types of Harmonics Filters
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Table 3. IEEE Recommended THD Limits
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Fig. 4. A Power System for the Case Study
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Table 4. Transformer Data

BUS ID
KVA| Voltage(KV) | Phasc Shifi{deg) | Remarks
From | To
11 | 12| 7500 | 44Y/4 16Y 0.0
4 5 [ 6000 | 44Y/13.8Y 0.0
6 714000 | 44Y/13.8Y Q.0
8 9 [ 3000 44Y/138Y 0.0
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Table 5. Line Data
Branch
] Impedance(Chrns) B 7. M IX|0) Fs A
List Remarks Table 7. Harmonics Contents of the Converter
From| To R X -
Harmonic .
! 2 | 2253 5.182 Magnitude(%) | Angle{deg)
3
L T i
2 |6 |1 684 2 0% > 180 180
2 3 1.084 1 ;04 ! 118 0
' 2l 11 55 180
4 5 | 0.8379 | 16.7577 | Xformer 13 10 0
[ peslme e | [
8 |10] 3 %2 41'3013 T 19 1.3 0
10 | 11 0l62 7 84 2 0.9 180
11 12 0 -593 11 é593 Xf 2 085 0
: ' ormet 29 07 180
31 0.61 0
B 6 2 HOE 35 0.45 180
Table 6. Bus Data 37 0.37 0
BUS ) ]
D Voltage(volts) | Capacitor{ KVAR) | Remarks EnSA HARMONIC AMALYSIS
S
1 44000 0
bus :
2 44000 0 *
3 44000 0 o
4 | 44000 0 - -
5 | 13800 1050 $ - “ 5
6 44000 0 = ¥ a
7 13800 3600 AR LR
1] 138 79 Ampa  Ifrma) 142 34 Amp= THD 2275% Npeak} 1790 B2 Amps
8 44000 0
JO8 5. MEws &x)9 A7 WE Jaz
9 13800 750 Fig. 5. The Current  Waveform of the
10 | 44000 3600 Converter
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EDSA HARMONIG ANALYSIS
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Impadance Response (Dhma)
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Fig. 6. Frequency Response of the Harmoni
Fitter
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Table 8. Filter Data

Type Single—tuned
Voltage 4160 Volts
Description 5th filter
Resistor (0.1 Ohms
Capacitor 25 Ohms
Inductor (.5 Ohms
Grounded No
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Tahle 9. Total Harmonics Distortion for Bus
Voltages

BUS | Without Filter With Filter
ID | Virms) | THD{%) | V(rms) | THD(%5)
1 44000 | 0.04 | 44000 | 0.03
2 44998 | 058 | 45180 1 0.44
3 44898 | 058 | 45180 | 0.44
4 45197 1 080 1 4b380 | 0.71
5 14306 1.31 14364 | 1.28
6 45261 0.40 | 45444 | 0.37
7 14893 1.28 | 14952 | 0.27
8 45130 | 0.81 | 45370 | 057
9 14389 | 265 | 14466 | 256
10 45623 1.67 | 46134 | 0.75
11 45593 1.70 | 46150 | 0.68
12 4295 2.16 4386 | 042
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without the Filter
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Table 10. Total Harmonics Distortion for the
Line Currenis
BUS ID [ Without Filter| With Filter
From| To | I(rms) |THD{(%}|I{rms) [THD{%)
1 2 H117.07 397 13775 2156
10 11 | 1346 | 2274 | 16.22| 11.79
11 | 12 | 1346 | 2274 [1622] 11.79
2 3 0 0 0 0
2 4 11434 873 (1440 89
2 6 |Bl0B8| 649 |5h1.19| 190
2 B | 5280 1334 |7268| 3.69
4 b 1143 ([ 873 |1440| BI95
6 7 |51.08| 649 |51.19| 190
8 9 11041 ] 1714 | 1048 17.90
8 10 | 4279 | 14.38 16248 1.55
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Fig. 9. Branch Current Waveform from #11
fo #12 without the Filter
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Fig. 11. Impedance Response at Bus #12
without the Filter
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